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Nutrient chemistry (N and P)" was analyzed in a reconstructed 
forested wetland in the knobs region of eastern Kentucky to 
determine if the wetland was providing typical wetland functions. 
Annual inflow-outflow data of phosphorous species from January 
1990- December 1990 showed a negative trend, suggesting the 
system was a source of phosphorous. Nitrate-nitrogen and nitrite-
nitrogen were absent in the water column. Seasonal fluctuations 
in nutrient concentrations were not evident. Physical water 
quality increased as water flowed though the wetland: pH 
increased from an average of 4.0 to 5.5; total dissolved solids 
decreased from an average of 20.9mg 1-1 to 2.4mg I-1; conductivity 
decreased from 266µmhos cm-1 to 73µmhos cm-1. Although 
dissolved oxygen levels remained low throughout the study 
period (averaging 2.3 mg 1-1 ), no relationship was found between 
dissolved iron concentration and phosphorous species. Dissolved 
iron was retained by the wetland; exhipiting a decreasing trend 
during the summer months. The wetland remained inundated 
111 
with water for 9 months, but was dry from August to October. 
Water retention time in the wetland was very short (usually less 
than three days), possibly due to engineering flaws. These data 
suggest that the restoration was not complete, or that wetlands rn 
this geographic region have major differences in their nutrient 
cycles when compared to other temperate United States wetlands. 
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CHAPTER! 
1N1RODUCTION 
Wetlands have recently been thrust to the forefront of 
ecological research and discussion. A great deal of emphasis is 
being placed on wetlands from scientific, political, and judiciary 
standpoints. Although many wetlands have been "restored" and 
"created" in recent years, it is yet unknown if wetlands can be 
constructed which function successfully as natural systems. This 
study investigates a wetland restored as off-site mitigation for a 
wetland filled during the construction of an Ashland, Kentucky 
shopping mall. 
Due to the relative newness of the concepts of wetland 
creation and construction, little work has been completed, and no 
guide lines have been formulated, to assist in creation and 
construction processes. In addition to the lack of information on 
wetland construction, the wetland construction system has several 
shortcomings: I) it is not yet known if constructed wetlands 
function as natural wetlands; 2) restored wetlands are exclusively 
off-site formations (off-site formation does nothing to replace the 
wildlife habitat, and hydrologic function that is lost to the altered 
area); 3) replacement wetlands are generally of "low quality" (i.e., 
a cattail marsh), - it is hard to justify the replacement of a 
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bottomland hardwood forest ecosystem with a Typha marsh, 
regardless of size parameters. 
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Additional research must be completed before the process of 
wetland reconstruction can be relied upon as an adequate method 
of preserving wetlands. A precise process should be formulated 
for creating wetland systems that are as ecologically and 
hydrologically functional as the natural systems they are 
replacing. 
Objectives 
The goal of this study is to determine if a reconstructed 
wetland (The Rowan County Sphagnum Swamp) is functioning in a 
manner equivalent to natural wetland systems. The goal will be 
achieved by completing the following: 
1) an analysis of hydrology; 
2) 
3) 
4) 
an analysis of nutrient dynamics; 
an analysis of physical water quality; 
a comparison between this system and results of studies 
performed on similar natural and reconstructed wetlands. 
CHAPTER II 
LITERATURE REVIEW 
Wetlands 
Wetlands are defined as areas that are: "inundated or 
saturated by surface or ground water at a frequency and duration 
sufficient to support, and that under most circumstances do 
support, a prevalence of vegetation typically adapted for life in 
saturated soil conditions" (Cowardin et al., 1979). The importance 
of wetlands lies not so much in its definition but in the ecological 
role these complex ecosystems play. Carter et al. (1978) states 
that wetlands play a key role in flood control, wastewater 
management, fish and wildlife management, limiting erosion 
damage, ground water recharge, and the enhancement of overall 
water quality. Leugo et al. (1988) adds that wetlands govern the 
water budget for the surrounding environment, are a primary 
reservoir for chemical and nutrient cycling, store vast quantities 
of organic materials, and produce a quality of water that is 
superior to the input water. 
Despite the numerous benefits of wetland systems, they have 
been, and are, disappearing at an alarming rate. Near the end of 
the eighteenth century there were more than 215 million acres of 
standing wetlands in the contiguous United States. By 1987 the 
3 
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total had diminished to 99 million acres (Howe, 1987). The 
decrease represented a 54% reduction of standing wetlands in the 
United States (81 % in Kentucky). The loss of standing wetlands 
has become a major ecologic issue, because the reduction of 
wetlands has been accompanied by a reduction of economically 
important fauna! and floral species. 
Reconstruction of wetlands 
With wetland loss occurring at such a rapid rate, attempts to 
restore them through practices such as mitigation are becoming 
increasingly important. As the need for wetland reconstruction 
becomes more prevalent, a need for the analysis and the 
delineation of these constructed systems also becomes 
increasingly important. Constructed wetland systems must be 
created that function similar to natural wetlands, if they are to be 
beneficial to the environment (Dahl, 1990). 
Mitigation allows for the productive use of wetlands by 
developers; provided a new wetland of equal or increased size is 
created to replace the wetland lost. Mitigation can occur on-site 
(construction in the same area), or off-site (construction at a 
location other than the original site). Construction can also be 
either in-kind (formation of a system with the same 
hydrologic/vegetative makeup), or out-of-kind (formation of a 
system with a different hydrologic/vegetative makeup). A 
5 
wetland can be created through mitigation in two ways: 1) direct 
replacement of the wetland lost; or 2) mitigation banking (Mitsch 
and Gosselink, 1986). 
Direct replacement takes place after a wetland has been filled 
or destroyed. Should a developing corporation eliminate a 
wetland for a construction purpose, they are then forced to 
replace it, or be subject to large fines. The replaced wetland is 
usually constructed off-site, and donated to an organization or 
institution for management. The wetland studied during this 
research, the Rowan County Sphagnum Swamp, was created as 
off-site mitigation (at a 3:1 replacement size: destroyed size ratio), 
and donated in the summer of 1989, to Morehead State University 
for management. 
Mitigation banking occurs when a large wetland is created by 
a developing corporation prior to the start of any construction. 
The wetland is then donated to an organization, such as the Fish 
and Wildlife Department, for management. The developer is then 
guaranteed an Army Corp of Engineers dredge and fill (section 
404) permit. All damage to wetlands incurred during the 
development is subtracted from the preconstructed banked 
system. Wetland banking is usually carried out on a 2:1 
replacement size: destroyed size ratio. However, depending on the 
value of the type of wetland lost, ratios often go as high as 6:1 (U. 
L. I., 1990). Because more value is placed on a single large 
wetland than on several small ones, the increase in area which 
accompanies wetlands constructed through mitigation is often 
viewed as a benefit to the system. 
6 
Mitigation is a compromise between developers and 
environmentalists which allows for no net loss of wetland area, 
while still allotting developers the opportunity for the prompt 
completion of projects. The mitigation banking principle seems an 
adequate compromise; however, the adequacy of constructed 
wetlands is not yet known. 
Wetland Structure 
Wetlands are arranged into several different categories. 
Wetlands are classified as: 1) forested wetlands. This type of 
wetland is characteristically termed a swamp. It has a flora 
dominated by woody plant species including: cypress (Taxodium 
spp.), tupelo (Nyssa spp.), swamp oak (Quercus spp.), alder (Alnus 
spp.), and willow (Salix spp.). Forested wetlands comprise 60% of 
all U.S. wetlands, and are considered the most productive and 
beneficial of all wetland types (Abernathy and Turner, 1987). 
Much research has been conducted concerning nutrient dynamics 
in forested wetlands. Forested wetlands have exhibited the 
ability to retain large quantities of nutrients, due to their high 
levels of productivity (Mitsch, 1988). 2) mires. Mires are shallow 
slow moving wetlands and can be subdivided by flow rate into 
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two groups, fens and bogs. Fens are wetlands dominated by 
sedges and often display accumulations of peat. They possess 
soils high in mineral concentrations, and often have waters with 
high acidities (Clymo, 1964). Fens receive inflow through 
precipitation and ground flow, they are open systems possessing a 
measurable inflow and outflow. Bogs are systems dominated by 
sphagnum mosses, and receive nearly all their hydrologic input 
through precipitation. They possess no definable outflows. They 
are similar to fens in that they have acidic soils, and are peat-
accumulating systems (Siegal, 1988). 
Paleobiological evidence, studied at sites in Minnesota and 
Ontario by Winkler (1988), showed mire formation and 
development to be a result of climatic activity; with steadily 
increasing annual temperature and precipitation being the major 
contributing factors in formation. 3) marshes. Smith (1986), 
defines marshes as water covered prairies which occur along the 
margins of lakes, rivers, and sea shores. Marsh hydrology is 
directly controlled by the water level of the adjoining lake, river 
or ocean. Marshes are dominated by emergent vegetation such as; 
Eleocharis spp., Carex spp., Scirpus spp., Panicum spp., and Typha 
spp. 
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Wetland Function 
Wetlands are dynamic systems. They can vary from 
extremely unproductive (northern peatlands, bogs, and cypress 
domes) .to highly productive systems (riparian wetlands of the 
southern United States). Wetlands are considered ecotones; 
systems that fall between the confines of being truly aquatic and 
truly terrestrial. They are of extreme economic importance in 
many regions of the world; they produce large amounts of fish 
shellfish and grain, while aiding in such processes as flood control, 
storm abatement, and hydrologic recharge (Mitsch and Gosselink, 
1986). Wetland function is governed by a combination of the 
system's hydrology, the surrounding landscape, and seasonal 
patterns. 
Much work has been done concerning wetlands and their 
ability to increase water quality by retaining nutrients (Table 1). 
Many studies have produced results that indicate wetlands act as 
nature's purifiers; they absorb quantities of phosphorous, 
nitrogen, suspended solids, and heavy metals. Some authors have 
even proclaimed wetlands to be nature's kidneys (Mitsch and 
Gosselink, 1986). The ability of a wetlands to remove nutrients 
and other colloids from the water column has been shown to be 
directly proportional to seasonal change and nutrient loading rate. 
Table 1. Wetlands, Sources or Sinks for Nutrients 
Nutrient sink 
Type of wetland, Location Period Nitrogen Phosphorous 
FreshwaJer Marshes 
Tidal marsh, Penn. 
4 marshes, Wis. 
Waterhyacinth marsh, Fla. 
Hamilton M=h. NJ. 
Theresa Marsh, Wis. 
Brillion Mar.sh, Wis. 
Houghton Fen, Mich. 
Marsh receiving sewage, Fla. 
Managed marsh, N.Y. 
Fen/Marsh, Minn. 
Old Woman Creek, Oh. 
Forested Swamps 
Rrverine cypress swamp, S.C. 
Mixed hardwood swamp, Fla. 
Cypress-tupelo swamp, So. Ill. 
floodplain swamp, N.C. 
Cypress s~and, Fla. 
Swamp forest, La. 
Riparian forest, Md. 
Floodplain forest, Fla. 
Tupelo swamp, N.C. 
Black Spruce forest, Ala. 
North Fla Swamp, Ra. 
Sphagnum swamp, Ky. 
I = inconsistent results 
Summer 
Yearly 
9 mo 
Yearly 
Yearly 
Yearly 
Yearly 
10 mo 
Yearly 
Yearly 
Yearly 
Winter@ 
Spring 
Yearly 
Yearly 
Yearly 
Yearly 
10 mo 
Yearly 
Yearly 
Yearly 
Yearly 
Yearly 
Yearly 
Amended from Mitsch and Gosselink 86 
Yes 
Yes 
Yes 
Seasonal 
Seasonal 
Yes 
Seasonal 
I 
Yes 
Yes 
Yes 
Yes 
Yes 
Seasonal 
Yes 
Yes 
No 
Yes 
Seasonal 
Seasonal 
Seasonal 
Seasonal 
Yes 
Seasonal 
Yes 
I 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Seasonal 
No 
Yes 
Yes 
No 
Reference 
Grant and Patrick (1970) 
Lee, et al. (1975) 
Mitsch (1977) 
Simpson, et al. (1978) 
Klopatek (1978) 
Fetter, et al. (1978) 
Kadlac (1979) 
Dolan, et al. (1981) 
Peverly (1982) 
Brown and Stark (1989) 
Mitsch and Reeder (1989) 
Kitchens, et al. (1975) 
Boyt, et al. (1977) 
Mitsch, et al. (1979) 
Kuenzler, et al. (1980) 
Nessel and Bayley (1984) 
Kemp and Day (1984) 
Peterjohn and Correll (84) 
Elder (1985) 
Brinson, et al. (1984) 
Chapin, et al. (1987) 
Hseih (1988) 
Blevins (1990) 
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Wetlands as sinks, sources, and transformers 
There are three events that can occur in a wetland system: I) 
A wetland can function as a sink, by either absorbing nutrients 
into sediments or converting them into biomass; 2) a wetland can 
respond as a source, or exporter, for nutrients; and/or 3) a 
wetland can assist in the cycling of chemicals, transforming them 
from one form to another. How a wetland responds with regard to 
nutrients is dependent upon the seasonal patterns of the region, 
and the productivity and hydrology of the wetland. 
It has long been understood that wetland functions vary 
seasonally (Van der Valk et al. 1979). Studies concerning how 
this seasonal variation affects a wetland's ability to function as a 
sink, source, or transformer have become prevalent. In one of the 
more definitive works on a wetland's physical processes, Van der 
Valle et al. (1979) studied the relationship between nutrient 
uptake in wetlands and seasonal changes. Based on the results of 
this study, the authors concluded that nutrient retention 
capabilities are greater during the growing season, when biomass 
and floral growth rates are at a peak. 
Similar results were reported by Kadlec (1979). In his study 
of a Michigan sewage fed fen, Kadlec discovered that seasonal 
changes affect the absorptive capabilities of a wetland. During the 
productive summer months when activity was at a peak, the fen 
was able to act as a nutrient sink. However, in the winter, when 
1 1 
biomass activity was low, the fen lost its ability to remove 
nutrients and became an exporter (or source) of nutrients. 
Additional support for Kadlec's research can be derived from Kim 
et al. (1983); they concluded that the amount of inorganic 
nutrients that can be absorbed by a plant is directly proportional 
to its biomass. 
Nichols (1983) determined that wetlands are capable of 
retaining nutrients by two methods: absorption and leaching. 
He showed that a wetland's ability to retain nutrients was 
dependent upon the productivity of the system, and the rate at 
which nutrients are loaded. At low loading rates, wetlands were 
shown to have high retentive capabilities; however, retentive 
capabilities decreased in proportion to an increase in loading rates 
(Richardson, 1985). 
Leugo et al. (1988), completed a comprehensive study of 
more than 100 wetland research sites. They determined that the 
ability for a wetland to act as a sink for nutrients increased in 
direct proportion to increasing complexity, productivity, and 
hydrologic activity. Highly productive systems were found to be 
capable of retaining large quantities of nutrients over substantial 
periods of time; whereas, unproductive systems often acted as a 
nutrient source. Similarly, Hemond and Benoit (1988) noted that 
nutrient loading rates are controlled by the topography, 
hydrology, total biomass, and faunal arrangement of a wetland. 
An increase in any one of these factors produces an increase in 
nutrient retention. 
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Reeder (1990), in a study of a Nelumbo/Plankton system, 
concluded that nutrients could be deposited, transformed, or 
expelled by a wetland system; depending upon the floral makeup, 
productivity, and soil composition of the wetland. The results of 
Reeder's work, and the results of this study, support the idea that 
there is a direct correlation between wetland productivity and the 
ability for a wetland to function as a nutrient transformer, source, 
or sink. 
Phosphorous in wetlands 
Various studies have shown that wetlands have the ability to 
absorb and retain large amounts of phosphorous: (Kitchens et al., 
1975; Boyt et al., 1977; Fetter et al., 1978; Mitsch et al., 1979; 
Kuenzler et al., 1980; Dolan et al., 1981; Nessel and Bayley, 1984; 
Peterjohn and Correll, 1984). 
In one of the earlier wetland studies, Grant and Patrick 
(1970) observed a 57% reduction in total phosphorous content 
during a study of a freshwater tidal marsh in Pennsylvania. 
During the course of a study of the upper Santee Swamp in South 
Carolina, Kitchens (1975) discovered that the wetland system 
functioned as a sink for total, soluble, and reactive phosphorous. 
He con~luded that the progression of water through the wetland 
system :reduced phosphorous content by as much as 50%. 
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Two studies of wetlands in Florida also showed a reduction in 
phosphorous content. In a study of a water hyacinth wetland, 
Mitsch (1977) determined that the system was responsible for an 
I 
11 % reduction in total phosphorous. Boyt (1977) also found that 
biomass retention reduced phosphorous levels from 6.4µg 1-1 to 
0.124µg 1-1 in a Florida cypress swamp system. 
A ~tudy conducted in a Louisiana swamp, Kemp et al. (1985), 
showed that the system retained 40% of input phosphorous. As a 
result of the study, Kemp concluded that the system acted as a 
long-term sink for phosphorous. 
In a more recent study, Chapin et al. (1987) studied the 
retentive capabilities of a sphagnum-dominated black spruce 
forest in Alaska. The study showed that 20% to 40% of the 
phospho~ous entering the system was absorbed by the mosses in 
the forest. A similar study of a sewage-fed fen and marsh 
wetland ,system in Saint Josephs, Minnesota was conducted by 
Brown and Stark (1989). The fen retained 14% of the loaded 
phosphorous. The marsh had a slightly higher retention rate of 
18%. II) a study at Old Woman Creek in northern Ohio, Reeder 
(1990) estimated that the wetlands along the western Lake Erie 
shoreline were responsible for the retention of 75 to 100 metric 
tons of phosphorous annually. 
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Additional chemical processes in wetlands 
In addition to their ability to retain phosphorous; wetlands 
have sh,own the ability to increase physical water quality, and 
reduce the concentrations of various other nutrients. Studies of 
wetland systems have shown the uptake rates of several nutrients 
(nitrogen, iron, and carbon) to be significant, but lower than that 
of phosphorous. 
Grant and Patrick (1970) observed a 57% reduction in 
' 
biological oxygen demand (B.O.D.) levels in their study of a 
tinicium marsh in Pennsylvania. Hemond (1988) also showed that 
wetlands are instrumental in lowering B.O.D. and chemical oxygen 
demand (C.O.D.) levels; B.O.D. and C.O.D. levels were lowered by the 
decomposition of organic materials during aerobic bacterial 
respiration. Kitchens (1975) found significant decreases in 
coliform levels as water progressed through the Santee Swamp 
system in South Carolina. Giblin (1985) determined that under 
normal hydrologic conditions, wetlands act as filters for heavy 
metals., 
Hemond and Benoit (1988) concluded that there are three 
processes involved in the removal of nitrogen from a system: 1) 
denitrification; 2) sedimentation; and 3) plant uptake. A study by 
Nichols (1983) showed that nitrogen removal primarily takes 
place through denitrification, and that optimum uptake occurs 
during the growing season. Research by Kemp et al. (1985) 
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revealed that a Louisiana swamp system was responsible for a 
26% reduction of the nitrogen input. Urban et al. (1988) studied 
denitrification rates of bogs in Minnesota and Ontario; they found 
that bogs have lower denitrification rates than terrestrial 
ecosystems. They also determined that bogs increased their 
denitrification rates when nitrogen loading rates were increased, 
and that sphagnum mosses were the most adept species for 
removing NO3-. In the study of an effluent fed marsh and fen 
wetland system, Brown et al. (1989) reported that the fen was 
responsible for a 14% ammonia reduction; the marsh a 22% 
reduction. 
A study conducted by Hsieh (1988), in a north Florida swamp, 
revealed that the wetland acted as a sink for phosphorous, carbon, 
and nitrogen. Hsieh, using a series of computer models, showed 
that the system could not act indefinitely as a sink. He predicted 
that the system would become overloaded with carbon in 30 
years; with nitrogen in 60 years; and with phosphorous in 70 
years. The Duplin River wetland system, studied by Chalmers et 
' 
al. (1985), is a good example of an overloaded system. Through 
overloading, the wetland system reached its holding capacity for 
carbon; 'it became the primary carbon exporter for the 
surrounding ecosystems. 
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Overview 
It has been shown that wetlands perform a variety of 
functions beneficial to their surrounding environments. These 
functions are described in works by Odum et al. (1977); Nessel et 
al. (1982); and Ewell and Odum (1984). From their work in a 
Florida cypress dome, these researchers concluded that wetlands 
are beneficial in the increase of water quality, and the retention of 
nutrients. Mitsch (1982), in a paper concerned with the modelling 
of North American freshwater wetlands, offers an excellent 
summation of wetland function. He states: 
"l. Wetland function is highly related to hydrologic 
periods, and alterations of the latter can cause severe 
changes in the wetland over a relatively short period 
of time. 
2. Wetlands have a finite yet substantial ability to 
absorb excess nutrients if applications are varied over 
time and space. 
3. Wetlands in their natural state can act as nutrient 
sinks during the growing season to protect adjacent 
bodies of water from eutrophication. Some marshes 
may export nutrients in the winter to aid the spring 
pulse of growth in the body of water. 
4 .. Wetlands are in many cases water conservation 
ec.osystems. 
5. Wetlands are important facets of the landscape as 
they help maintain water, nutrient, and energy 
balances for a region." 
Mitsch concludes, "wetland protection is important for a 
maintenance of balance between mankind and nature." 
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CHAPTER III 
l\1EIBODS 
Site Description 
The Rowan County Sphagnum Swamp was the reconstructed 
wetland system investigated in this study. The wetland is located 
in the western portion of Rowan County, KY, approximately 
1.25km north east of the Licking River. Reconstruction of the 12 
hectare wetland system was a result of mitigation for a natural 
wetland system destroyed during the construction of a shopping 
center in Ashland, KY. The shopping center was being erected by 
the Glimshire Corporation of Columbus, Ohio. Wetland 
reconstruction took place in October 1989. Following completion 
of the reconstruction project, the wetland was donated to 
Morehead State University, for use as a teaching and research 
facility. 
At the time of this study, the Rowan County Sphagnum 
Swamp had a relatively small watershed; approximately 0.3lkm2. 
The wetland was bordered by KY State Route 1722 to the north, a 
gravel access road to the west, and pasture fields to the south and 
the east (Figure 1). Included in the watershed area were steeply 
sloping hillsides, farm fields, and pastures. Several rural 
residences also occur within the drainage area. Water was 
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Figure I. The Rowan County Sphagnum Swamp and its plant 
associations (plant and open water locations are 
approximate) 
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introduced into the system primarily through precipitation, 
ground water, and sheet flow. Additional inflow comes from tiling 
under KY State Route 1722. 
A study of the wetland flora revealed that the swamp could 
be divided into four distinct regions based on major vegetation 
types. Region 1, a softwood forested area, was dominated by 
species of birch (Betula sp.), alder (Alnus sp.), and maple (Acer 
sp.). Understory flora consisted of thickets of loosetrife (Decodon 
verticillatus, and Lythrum sp.) and mats of sphagnum mosses. 
During the investigation, region 1 received and retained the 
largest quantity of water. 
A small stand of pin oak (Quercus palustris) dominated region 
2, the trees were located directly at the southern edge of region 1. 
The area was predominantly above water level, but supported 
two small streams that served as outflows to drain region 1. 
Region 3 comprised the bulk of the area within the wetland. 
It was dominated by sedge species (Carex crimata), grass species 
(Agrostis alba), and rush species (Eliocharis tenuis). The two 
outlet streams from the pin oak region of the wetland merged in 
region 3, and continued through the wetland as the predominant 
surface outflow. Damming of the outflow was attempted, but 
water continued to be drained from the system, via ground water 
seepage and erosion. The plant community of region 3 may be 
attributed to deforestation of the area; deforestation occured 
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during the installation of a gas pipeline. The pipeline ran the 
length of the swamp, from the northeast corner to the southwest 
corner (Figure 1). Hydrology in this region fluctuated seasonally; 
being inundated for much of autumn, winter, and spring with a 
dry period during the midsummer months. 
Region 4 of the wetland was a narrow ditch that transected 
region 3, and was dominated by a thicket of the common rush 
(Juncus effusus) and bull rush (Scirpus sp.). The ditch acted as a 
drain for much of region 3 and displayed a long inundation period. 
Included within the wetland were five holding ponds of 
various depths and sizes. Three ponds were located within region 
3; two ponds were located in region 1. Region 3 ponds had an 
average surface area of 197m2, and an average depth of 21cm 
(during inundation). Each pond in region 3 was susceptible to 
seasonal hydrologic patterns and, during the summer months 
periodically experienced drought conditions. Region 1 ponds 
remained inundated throughout the year, averaged a much 
smaller surface area (42m2), and were considerably deeper (3m) 
than the ponds in region 3. 
Data collection sites for the study were confined to the 
forested areas of regions 1 and 2, because these regions had a 
longer inundation period, which allowed for a longer sampling 
period. Figure 2 shows the ten sampling sites used during the 
study. Sites were chosen using a random numbers chart and a 
lt?.:~:I Region 1 
E) Region 2 10 
-
Holding Ponds 
Figure 2. Map of 1 0 sample sites in forested areas (not to 
scale). 
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grided map of the forested areas, regions 1 and 2. The sampling 
sites were numbered from 1 to 10. Sampling sites 1 through 7 
were located throughout region 1, sites 8 & 9 were located in each 
of the outflow streams of region 2, and site 10 was located near 
the edge of the forested areas in the grasses of region 3. Each 
sampling site was marked with a numbered doweling rod (1/2" x 
5'), and covered with red and green ribbons. Bi-weekly sampling 
began January 14, 1990 and concluded January 5, 1991. Sample 
sites were analyzed for total phosphorous (TP), total soluble 
phosphorous (TSP), soluble reactive phosphorous (SRP) reactive 
phosphorous (RP), iron, chlorophyll a, phaeophytin, nitrate, nitrite, 
precipitation, pH, dissolved oxygen (D.O.), conductivity, depth, total 
dissolved solids (TDS), and temperature. 
Analytical Methods 
Field Collection 
At each sample site, field measurements were made for: 1) 
pH, using a portable pH meter (calibrated at 4.0); 2) conductivity 
and water temperature, using a Y.S.I. (Yellow Springs 
Instruments) S.C.T. (salinity, conductivity, temperature) meter; 
and 3) dissolved oxygen (D.O.), using an air calibrated Y.S.I. D.O. 
meter. In addition to field measurements, water samples were 
collected in acid washed 500mL wide mouth Nalgene sample 
bottles. The acid wash method used was three rinses with dilute 
sulfuric acid, three rinses with distilled water, then two rinses 
with water from the sample site. Water samples were 
transported, on ice, back to the limnological research lab at 
Morehead State University, where they were kept at 4°C until 
testing. Testing was generally completed within 48 hours of 
sampling time. 
Hydrology 
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A hydro-period was formulated using a Stevens Type F 
(Leupold and Stevens Instruments) continuously recording water 
level recorder designed with a still well, and located at pond 1. 
Water depth was also monitored bi-weekly with a permanent 
depth stake. Precipitation was measured with a rain gauge 
located in a clearing between ponds 1 and 2. These data were 
correlated with precipitation data collected at the monitoring 
station located at Cave Run Lake (4.5km from study site). 
Lab Procedures 
Analytical analysis was conducted to determine 
concentrations of TP, TSP, SRP, and RP, using methods described rn 
Standard Methods (A.P.H.A., 1985). 
Total phosphorous concentrations were determined using the 
following methods. A persulfate digestion was performed by 
adding lmL H2SO4 solution (H2SO4 solution = 300mL 
concentrated H2SO4 + 700mL distilled water), and 4g (NH4)S2O8 
(persulfate crystals) to 50mL of sample. This mixture was then 
boiled down to l0mL, allowed to reach room temperature, and 
diluted back to 50mL with distilled water. An ascorbic acid 
analysis was then performed by adjusting the pH (adding one 
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drop phenolpthalein indicator solution then pipetting with a 5N 
NaOH solution until a pink color was reached), and adding 8mL of 
combined reagent to each digested sample (combined reagent = 
250mL 5N H2SO4 + 25mL potassium antimonyl tartrate solution + 
75mL ammonium molybdate solution + 150mL ascorbic acid 
solution). A blue color was allowed to develop for fifteen minutes, 
and samples were analyzed using a Bausch and Lomb Spectronic 
20 spectrophotometer with a 2cm light path length set at 880nm. 
Quantification for spectrophotometer readings were determined 
using a regression equation formulated by testing phosphorous 
standards at 0.lµg 1-1, lµg 1-1, 5µg 1-1, l0µg 1-1, 25µg 1-1, 50µg 1-1, 
75µg 1-1, l00µg 1-1, 175µg 1-1, 250µg 1-1, and 500µg 1-1. Distilled 
water was used as a blank for the spectrophotometer. 
Total soluble phosphorous concentrations were determined by 
filtering 50mL of sample through a pre-cleaned .45µm membrane 
filter (membrane filters were pre-cleaned by soaking them for 24 
hours in 2L of distilled water). Filtered water was then digested 
using the persulfate method, analyzed using the ascorbic acid 
method, and tested at 880nm in the Baush and Lomb Spectronic 
20 spectrophotometer with a 2cm light path length. 
Quantifications were determined using a regression equation 
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formulated by testing phosphorous standards at 0.lµg 1-1, lµg 1-1, 
5µg 1-1, l0µg 1-1, 25µg 1-1, 50µg 1-1, 75µg 1-1, l00µg 1-1, 175µg 1-1, 
250µg 1-1, and 500µg 1-1. Water filtered during the analysis was 
used to blank the spectrophotometer. 
Soluble reactive phosphorous concentrations were determined 
using the ascorbic acid method to test 50mL of filtered sample. 
Analysis was made using a Baush and Lomb Spectronic 70 with a 
10cm light path length (880nm). Quantifications were determined 
using a regression equation formulated by testing phosphorous 
standards at 0.lµg 1-1, lµg 1-1, 5µg 1-1, l0µg 1-1, 25µg 1-1, 50µg 1-1. 
Water filtered during the analysis was used to blank the 
spectrophotometer. 
Reactive phosphorous concentrations were determined using 
the ascorbic acid analysis on 50mL of sample. Analysis was made 
using a Baush and Lomb Spectronic 70 with a 10cm light path 
length (880nm). Quantifications were determined using a 
regression equation formulated by testing phosphorous standards 
at 0.lµg 1-1, lµg 1-1, 5µg 1-1, l0µg 1-1, 25µg 1-1, 50µg 1-1. Water 
from the original sample was used to blank the 
spectrophotometer. 
Iron analysis was made using the FerroZine method (Hach 
Chemical Corporation, 1985). One FerroZine Reagent Pillow was 
added to 25mL of sample, swirled until mixed, and allowed to sit 
for five minutes as color developed. All samples were diluted 50% 
27 
with distilled water (due to the extreme dark color which 
developed with the addition of the reagent). Absorbances were 
read at 562nm, using the original sample water as a blank for the 
Baush and Lomb Spectronic 20 spectrophotometer (2cm path 
length). Quantification for spectrophotometer readings were made 
using a regression equation determined each month by testing 
iron standards (0.lµg 1-1, lµg 1-1, 5µg 1-1, l0µg 1-1, 25µg 1-1, 50µg 
1-1, 75µg 1-1, l00µg 1-1, 175µg 1-1, 250µg 1-1, and 500µg 1-I). 
Standards for concentration calibrations were treated the same as 
the samples. Concentration results were multiplied by 2 to correct 
for dilution. 
Nitrogen analyses for nitrate-nitrogen and nitrite-nitrogen 
were conducted using the NitraVere 5, and NitraVere 3 methods 
respectively (Hach Chemical Corporation, 1985). Nitrate-nitrogen 
analysis was made by adding the contents of a NitraVere 5 
Reagent Powder Pillow to 25mL of sample. Each sample was 
stoppered and agitated vigorously for one minute, allowed to 
settle for five minutes, then tested in a spectrophotometer at a 
wavelength of 500nm. Original sample water was used to blank 
the spectrophotometer. 
Nitrite-nitrogen was tested by adding the contents of a 
NitraVere 3 Reagent Powder Pillow to 25mL of sample. Each 
sample was stoppered and agitated for one minute, allowed to 
settle for ten minutes, and tested in a spectrophotometer at a 
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wavelength of 500n!11. Water from the original sample was used 
to blank the spectrophotometer. 
The nitrate and nitrite solutions were tested in the Baush and 
Lomb Spectronic 20 spectrophotometer using a 1cm path length. 
Quantification for spectrophotometer readings were made using a 
regression equation determined monthly by testing · standards at 
0. lµg 1-1, lµg 1-1, 5µg Isl, l0µg 1-1, 25µg 1-1, 50µg I~l, 75µg 1-1, 
1 00µg 1-1, 175µg 1-1, 250µg 1-1, and 500µ.g 1-1. The process used 
for testing the standards was the same as that used for testing the 
samples, 
Chlorophyll a and·· phaeophytin were determined using the 
monochromatic method as described by Wetzel and Likiqs (1979). 
In preparation for these calculations, l00mL of each sample was 
filtered through a .45µm membrane filter. The filter was rolled 
and placed in a 15mL centrifuge tube containing a 90%, acetone 
solution. Samples ~ere refrigerated for a twenty four hour 
period, centrifuged at 1500rpm for 5 minutes, and drained into 
spectrophotometer tubes. Readings were taken at 750nm and 
663nm on the Baush and Lomb Spectronic 20. Samples were then 
acidified with one drop concentrated HCL, and retested in the 
spectrophotometer at 663nm. 
Chlorophyll ·a was calculated using the formula: 
1 l.3(E663 0 -E663a) 
chi a (µg/L)= 
(V)(Z) 
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Phaeophytin was calculated using the formula: 
17 .86 (E6630 -(2.43 (E663 0 -E663 a)))( v) 
phaeophytin (µ g/L) = ----------------------------------------
(V)(Z) 
Where: E663 0 = the absorption at 663nm - the 
absorption at 750nm. 
E663a = the turbidity correction. The absorption 
after acidification at 663nm - the absorbance 
at 750nm 
v = volume in mL. 
V = Volume of water filtered in L. 
Z = Length of light path through curvet. 
Total dissolved solids (TDS) was measured with a Hach 
portable field pen, and also, by using the total dissolved solids 
180°C drying method (A.P.H.A., 1985). For the drying method 
50mL of sample was filtered through a glass-fiber filter, the filter 
was then placed in a preweighed evaporation pan and dried at 
180°C until a constant weight was obtained. 
The following calculation was used for determining TDS: 
(A-B)xl000 
mg TDS/L= -------------
V 
Where: A = Weight of dried residue + dish (mg) 
B = Weight of dish (mg) 
V = Sample volume (mL) 
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Statistical Methods 
Regressions and correlations used to determine concentration 
calibrations were performed using the program StatView SE + 
Graphics (Macintosh). Trends analyses were made using The Cox 
and Stuart variation of the Rank Sign statistical tests at a 
confidence level of 95% (Conover, 1980). Further comparisons 
were made through a process of computer modelling, using 
Forester's language on the Macintosh program STELLA (Structural 
Thinking Experiential Learning Laboratory with Animation). 
CHAPTER IV 
RESULTS 
A complete listing of all data, results, and calculations is 
presented in table form in the appendix. Results have been 
grouped into four categories: trends in the physical properties of 
the wetland; trends in the chemical properties of the wetland; 
correlations between all variables analyzed, and a Foresters 
conceptual model of the wetland system. Table 2 is a compilation 
of the count; the mean; the standard deviation; and the standard 
error for each of the variables pertinent to this study. 
Physical Parameters 
Hydrology 
Figure 3 shows a January to December hydrologic period for 
the Rowan County Sphagnum swamp. The hydro-period is based 
on averages of weekly depth readings taken at a permanent depth 
marker. The figure shows the wetland remained inundated for a 
period of nine months. The greatest amount of water was 
retained by the wetland in January, and December; the least 
amount of water was retained in August, September, and October. 
Although the water level decreased steadily from 38cm in 
3 1 
Table 2. Mean, standard deviation, and standard error for all 
variables analyzed (n=47). 
Variable: Mean: Std, Dev,: Std, Error: 
pH 4.9 0.7 0.1 
Cond.µmohs cm-1 172.1 102.9 15 
Depth (cm) 18.9 8.6 1.3 
Temperature (OC) 16.7 6 .2 0.9 
TDS (mg 1 -1) 8.7 6 .8 1 
D.O.(mg I -1) 2.4 1.7 0.2 
RP (µg I -1) 42.3 39.1 5 .7 
TP (µg I -1) 143.6 103 15 
SRP (µg I -1) 19.8 28 4.1 
TSP (µg 1-1) 68.5 50.4 7.4 
NQ3 (mg 1 -1) 0 0 0 
Fe (mg I -1) 2 .1 0.7 0 . 1 
Chi a (µg I -1) 1.4 5.9 0 .9 
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Figure 3. Hydrologic period, based on weekly depth averages, for 
the Rowan County Sphagnum Swamp. 
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January to 25cm in July (1.7cm week-1 ), the system remained 
inundated through the month of July. The dry period that began 
in August continued through mid-October. The water level began 
to increase in the Fall (5cm on October 15), as a result of high 
levels of precipitation (Table 3). Water level reached the highest 
yearly level of 48cm on December 18. 
Water levels were consistently higher in the forested region 
than in any other region of the wetland. At the northeast end of 
the forested area (inflow), the average depth of the water was 
6cm; at the southwest end of the forested area (outflow), the 
average depth was 13cm. Water level increased toward the 
middle of the forested region; the site of the two holding ponds. 
The holding ponds were the only sites in the wetland to remain 
inundated throughout the study period. Figure 4 is a depth 
profile of the forested region of the wetland; the profile is based 
on weekly depth averages taken at each site over a one-year 
period. 
Data obtained by the employment of a water level recorder, 
located near the holding ponds, showed that water level in the 
wetland underwent intense fluctuations resulting from storm 
events (Figure 5). These data indicate that pulses of water were 
not significantly slowed, or retained, by the wetland system. 
Residence time for pulses of water entering the wetland is 
approximately 3 days. Figure 6 shows a regression between 
Table 3. Monthly precipitation data for the Rowan County 
Sphagnum Swamp during 1990 (numbers in cm). 
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Jan Feb Mar Apr May Jun Jul Aui Sep Oct Nov Dec 
10.2 9.7 4.9 9.8 19.8 11.3 15.5 10.1 7.6 10.7 7.3 27 .8 
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Figure 4. Depth profile for the forested region of the Rowan 
County Sphagnum Swamp (numbers based on an average of 
weekly depth measurements). 
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Figure 5. Daily wetland hydro-period with precipitation, showing 
intense fluctuations around storm events. 
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Figure 6. Regression showing the relationship between 
precipitation and wetland water level. 
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precipitation and wetland water level; indicating the relationship 
between wetland water level during pulse events and 
precipitation. 
Iili 
The average pH in the wetland was 4.8; the range was 3.7 to 
6.4. Statistical analysis was performed on pH data for two 
different parameters; pH by site (to determine spatial trends), and 
pH through time (to determine seasonal trends). A study of pH by 
site exhibited a strong upward trend. The pH increased steadily, 
from an average of 4.1 near the inflow (site 1) to an average of 
5.3 at site 9 in the outflow (Figure 7). The analysis of pH through 
time showed no significant trend (Figure 8). Trends were 
determined using the Cox and Stuart Test for Trends (a..05). 
Conductivity 
Conductivity, as pH, showed a strong trend when analyzed 
spatially, but no trend when tested temporally (Figures 9 and 10). 
Conductivity decreased. significantly from ·an average of 
266µmohs cm-1 at Site 1 to an average of 73µmohs cm-I at site 8; 
a total decrease of l93µmohs cm-I as water progressed through 
the system (Cox and Stuart results a..05). 
Total Dissolved Solids 
Figures 11 and 12 show temporal and seasonal patterns for 
TDS. Levels of TDS decreased steadily in the system, from an 
averagfl of 20.9mg 1-1 (site 1) to·2.4mg 1-1 (site 8). TDS 
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Figure 7. Mean pH (± SD) for each study site in the Rowan County 
Sphagnum Swamp. 
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Figure 8. · Mean temporal pH (± SD) in the Rowan County 
Sphagnum Swamp. 
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Figure 9. Spatial conductivity levels in µmobs cm•l (± SD) in the 
Rowan County 
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Figure 10. Teµiporal conductivity levels in µmobs cm·1 (±. SD) in 
the Rowan County Sphagnum Swamp. 
39 
40 
25 
22.5 
t 20 t 17.5 
15 I 
t 
~12.5 
I 
T I + TDS . 
10 
t t 
7.5 
t 5 t t t 2.5 
0 
I 2 3 4 5 6 7 8 9 10 
site 
Figure 11 . Mean TDS concentrations (mg 1-1 ±. SD) for each study 
site in the Rowan County Sphagnum Swamp. 
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Figure 12. Mean temporal TDS concentrations (mg 1-1 ±. SD) in the 
Rowan County Sphagnum Swamp. 
levels aiso decreased temporally (Cox and Stuart a..05). The 
wetland had a lower level of TDS in December (9.9mg I-1) 
41 
than it had in January (12.8mg 1-l). The levels of TDS decreased 
proportionate to the maturation of the system. 
Dissolved Oxygen 
Amounts of dissolved oxygen in the wetland were 
consistently low (mean 2.3mg I-1). Results of a Cox and Stuart 
analysis showed no trend to be present for D.O. vs site, or D.O. vs 
time (Figures 13 and 14). 
Temperature 
Water temperature in the wetland fluctuated seasonally; 
higher in the summer months, and lower in the winter months. 
Chemical Parameters 
Total Phosphorous 
An analysis of phosphorous movement through the wetland 
system, ' showed that total phosphorous concentrations were 
higher at the outflow than at the inflow (Figure 15). The average 
amount of phosphorous recorded at the inflow (site 1) was 127µg 
1-1. The amount increased to 265µg 1-1 by the time the water 
reached the outflow (site 8). Figure 16 shows the extreme 
variability exhibited by phosphorus concentrations during a one-
year period. Statistical analysis revealed no temporal trend for 
total phosphorous. Therefore, it is concluded that the wetland was 
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Figure 13. Spatial average D.O. concentrations (mg 1-1 ± SD) in the 
Rowan County Sphagnum Swamp. 
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Figure 14. Temporal average D.O. concentrations (mg 1-1 ± SD) in 
the Rowan County Sphagnum Swamp. 
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Figure 15. Mean TP concentrations (µg I- 1 ± SD) showing the 
spatial increase in phosphorous in the Rowan County Sphagnum 
Swamp. 
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Figure 16. Mean TP concentrations (µg I-1 ± SD) showing the 
temporal phosphorous fluxes in the Rowan County Sphagnum 
Swamp. 
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not undergoing any seasonal patterns for phosphorous retention 
(Cox and Stuart ex.OS). 
Additional Phosphorous Types 
Statistical analysis showed that each of the sub units of total 
phosphorous (RP, SRP, TSP) exhibited the same spatial and seasonal 
trends as those displayed by total phosphorous; a steady upward 
trend when plotted against site, and no seasonal variability (Cox 
and Stuart ex .05). Average increases occurring from site 1 to site 8 
for RP, SRP, and TSP were respectively: 18µg 1-1 to 91µg 1-1, l0µg 1-
1 to 61µg 1-1, and 28µg I-1 to 182µg 1-1 (Figures 17 to 22). 
Iron 
Of all parameters studied, iron concentrations exhibited the 
slightest fluctuation (standard deviation 0.5 around a mean of 
2.0mg 1-1 ). Averages of iron concentrations declined from 2.3mg 
1-1 at the inflow (site 1) to 2.1mg 1-1 at the outflow (site 8). 
Trends for iron analysis differed significantly when compared 
with trends exhibited by the other chemical variables measured. 
A by-site analysis of iron produced no evidence to support 
positive or negative trends (Figure 23). However, a temporal 
analysis of iron revealed a two tailed distribution and trend 
(Figure 24). Heavier iron concentrations were present during the 
summer months (2.5mg 1-1) than during the winter months 
(1.3mg 1-1 ). Iron was the only nutrient for which the wetland 
showed a seasonal retention pattern (Cox and Stuart ex .OS). 
45 
100 
90 
80 t 
70 
60 gz 
,50 
40 t 30 t 20 u i t I. 10 
1 2 3 4 5 6 7 8 9 
site 
Figure 17. Mean spatial concentrations (µg I· 1 ± SD) for RP in the 
Rowan County Sphagnum Swamp. 
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Figure 18. Mean temporal concentrations (µg 1· 1 ± SD) for RP in 
the Rowan County Sphagnum Swamp. 
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Figure 19. Mean spatial concentrations (µg I-1 ± SD) for SRP in the 
Rowan County Sphagnum Swamp. 
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Figure 20. Mean temporal concentrations (µg I-1 ± SD) for SRP in 
the Rowan County Sphagnum Swamp. 
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Figure 21. Mean spatial concentrations (µg I-1 ± SD) for TSP in the 
Rowan Co_unty Sphagnum Swamp·. 
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Figure 22. Mean temporal concentrations (µg-I·l ± SD) for TSP in 
the Rowan County Sphagnum Swamp. 
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Figure 23. Mean spatial concentrations (mg 1-1 ± SD) for Fe in the 
Rowan County Sphagnum Swamp. 
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Figure 24. Mean temporal concentrations (mg 1-t ± SD) for Fe in 
the Rowan County Sphagnum Swamp. 
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Nitrogen 
Concentrations of nitrate-nitrogen, and nitrite-nitrogen in the 
wetland were consistently at or near zero. The only form of 
nitrogen present in the water column of the system was ammonia. 
An analysis of water collected from the holding ponds in 
December 1990 produced an average ammonia level of 3.3mg 1-1. 
Chlorophyll a 
Levels of Chlorophyll a remained low throughout the study 
period (mean 5.2µg m-3). Fluctuations occurred seasonally; levels 
averaged 13.Sµg m-3 during the growing season, and 3.4µg m-3 
during the winter months. No spatial or temporal trends were 
observed (Cox and Stuart a.05 ). 
Correlations 
A correlation matrix for all 14 variables analyzed is presented 
m Table 4. For the purposes of the study, any two variables 
showing a correlation of r :?: 0.6 were considered to have similar 
trends. Variables that had a positive correlation were: TDS and 
conductivity (r = 0.9); SRP and RP (r = 0.8); TSP and RP (r =0.6); 
site and pH (r = 0.6); and site and RP (r = 0.6). Variables that had 
negative correlations were: site and conductivity; site and TDS (r = 
-0.8); and TDS and pH (r = -0.6). Variables showing similar trends 
were subjected to a regression program to determine 
relationships. Results for the regression analysis varied 
pH Cond Depth Temp ms 
µmobs (cm) a:: mg/L 
pH 1 
Cond -0.7 1 
Depth 0.3 -0.4 1 
Temp -0.1 -0.1 -0.2 1 
ms -0.6 0.9 -0.5 -0.2 1 
D.Q 0.3 -0.4 0.1 0.2 -0.2 
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N03 • • • • • 
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greatly (Figures 25, 26, 27, 28, and 29). Two of the variables with 
positive correlations (TDS vs conductivity; and SRP vs RP), showed 
moderate relationships (r2 = 0.6). In contrast, TSP vs RP showed 
no discernable relationship (r2 = 0.1). Among the variables with 
negative correlations no true relationships were discovered (pH vs 
TDS r2 = 0.4, pH vs conductivity r2 = 0.3). A regression analysis of 
all non-correlated data pairs produced no significant relationships. 
Conceptual Model 
A conceptual model showing phosphorous cycling for the 
Rowan County Sphagnum Swamp was created using Forester's 
language of the computer modelling program STELLA. The 
conceptual model is presented in Figure 30. The model illustrates 
bow phosphorous cycling in the wetland was governed by the 
hydrology of the system. Precipitation and ground water were 
the primary sources of water and phosphorous in the wetland. 
Phosphorous entering the wetland via the water column could 
have been either taken up by the biota (plankton, and 
macrophytes), or could have been directly deposited m the 
sediments. Phosphorous taken up by the biota was eventually 
returned to the water column and sediments by the death and 
decomposition of the planktonic and macrophytic organisms. 
Phosphorous could have been released from the sediments, and 
returned to the water column and biota, during a storm event or 
52 
30 y = .lx · .4, r2 = .6 
• 25 • • 
• 
• • • 20 • • • • 
-
.. • 
en 15 0 
1:--
• •• 10 • 
•• ♦ TDS •• • • 
5 • .. 
·:. :· . .. . .. 
... .. . . 
0 • 
0 50 100 150 200 250 300 350 400 450 500 
Cond 
Figure 25. Regression analysis of conductivity (µmohs cm- 1) vs 
TDS (mg I-1) in the Rowan County Sphagnum Swamp. 
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Figure 26. Regression analysis of SRP (µg I- 1) vs RP (µg 1-1) in the 
Rowan County Sphagnum Swamp. 
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Figure 27. Correlation between TSP (µg I·l) and RP (µg I·l) in the 
Rowan County Sphagnum Swamp. 
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Figure 28. Correlation between pH and TDS (mg I-1) in the Rowan 
County . Sphagnum Swamp. 
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in the Rowan County Sphagnum Swamp. 
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Figure 30. Generalized conceptual model for phosphorous cycling 
in the Rowan County Sphagnum Swamp. 
some other disturbance. Phosphorous could have been cycled 
many times, before it was removed from the system as outflow 
via the water column. 
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CHAPTERV 
DISCUSSION · 
The Rowan County Sphagnum Swamp can be defined officially 
as a wetland. The soils are hydric, and area is inundated, or 
saturated, by surface or ground water for a time period sufficient 
in duration for the establishment and support of hydrophytes. 
These attributes permit the Rowan County Sphagnum Swamp to 
be classified as a wetland by the Circular 39 Definition; the 
Canadian Wetland Definition; the U.S. Fish and Wildlife Service 
Definition; the U.S. Army Corp of Engineers Definition; and the 
guidelines presented by Mitsch and Gosselink (1986). Although 
this reconstructed system officially meets the standards of these 
legal definitions, it does not yet carry out all the hydrologic and 
ecologic functions exhibited by ma!1y of the natural wetland 
systems studied by other researchers (such as; Grant and Patrick, 
1970; Kitchens et al., 1975; Boyt et al., 1977; Peterjohn and Correll, 
1984; Hseih, 1988; Brown and Stark, 1989). 
Hydrology 
The hydrology of this wetland (Figure 3), was interrupted by 
a dry period of 78 days. Although · dry periods are common to 
many wetlands (i.e., riparian wetlands of the southwestern United 
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States), the length of time this system remained dry was 
increased by several factors: 1) a faulty dam located at the 
system's outflow stream; 2) ditching (in July) along the access 
road; and 3) unexpected outflows, along the access road, created 
by erosion. 
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The hydro-period for this system may have been influenced 
by its close proximity to the Cave Run Lake Dam, and the Licking 
River. During the .~ummer months, when the dam is closed and 
the lake is kept at a higher pool level, the water level below the 
dam in .the Licking River is decreased. It is my hypothesis that, 
during the summer months, the water level of the Licking River 
decrease.s below ground water level. This decrease in river level 
may, then, create a draining effect for the wetland and 
surrounding area, as ground water flows into the river bed. Some 
evidence to support the hypothesis was attained by observing the 
inverse relation between wetland depth and lake pool (Figure 31). 
When Cave Run Lake was at winter pool (low level) the Rowan 
County Sphagnum Swamp had a high water level. Conversely, 
when the Cave Run Lake Level was raised to summer pool the 
Rowan County Sphagnum Swamp had a water level at or near 
zero. 
There is additional data io · su~port the conclusion that the 
hydrology of the system was not governed solely by precipitation. 
For the year, 1990, · the· average monthly rainfall at the • 
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Figure 31. Generalized relationship between wetland water level 
and the Cave Run Lake pool level. 
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wetland was 10.3cm (excluding December). The average monthly 
rain fall for the dry months (August, September, and October) was 
only slightly less (9.5cm). It is not probable that the 0.8cm 
decrease in rainfall accounted for the 30cm drop in the system's 
water level. Indirect evidence suggests that the Cave Run dam 
played a significant role in the wetlands hydrology. 
The short residence period for pulses of water entering the 
wetland during storm events can be attributed to two factors: l) 
the watershed is comprised of steeply sloping hillsides, which 
creates a rapid run-off effect; and 2) the inadequacy of barriers 
located at the outflow of the wetland. Residence time for pulses of 
water entering the wetland should be increased by increasing the 
stability of the outflow barriers, and eliminating ditching in the 
area. 
Water Quality 
Highly acidic pHs are common in systems possessing large 
quantities of sphagnum mosses (Kurz, 1928; Clymo, 1964; Gorham, 
1967). Highly acidic pHs are the result of the metabolic activity of 
sphagnum (production of H+ ions), and the decomposition of 
organic materials. Although the average pH of the Rowan County 
Sphagnum Swamp is low, an increasing trend in pH was evident 
with the progression of water through the system. This trend, 
coupled with decreasing trends for TDS and conductivity, indicated 
6 1 
that the physical quality of the water in the wetland was being 
increased. This response was similar to trends reported by Leugo 
et al. (1988) in reviews of more than 100 wetland systems. 
Nutrients 
The nutrient analysis of the wetland produced varying 
results. Unlike many similar wetland systems (Simpson et al., 
1978; Kadlec, 1979; Elder, 1985), the Rowan County Sphagnum 
Swamp did not show a seasonal fluctuation pattern in its ability to 
retain phosphorous or nitrogen. However, the system did follow 
reported trends (Giblin, 1985), and function as a seasonal sink for 
iron. The largest amount of iron (2.6mg 1-1) was retained during 
June and July (between days 160 and 210). Amounts of iron 
retained during the winter months were considerably lower 
(1.8mg I-1). 
The ability for wetlands to take up phosphorous has been 
well documented (Boyt et al., 1977; Brown and Stark, 1989; Mitsch 
and Reeder, 1989); however, the Rowan County Sphagnum Swamp 
seems to be an exporter for all analyzed phosphorous types (TP, 
SRP, TSP, and RP). 
There are several traditionally accepted reasons why a 
wetland may act as exporter of phosphorous: 1) the systems has 
become saturated, over time, with phosphorous from the natural 
watershed source (Hseih, 1988); 2) the system has become 
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overloaded with phosphorous input from sewage effluent (Nichols, 
1983; Richardson, 1985); and/or 3) the system is a seasonal 
exporter in times of low biomass (Kadlec, 1979; Vander Valk, 
1979). The Rowan County Sphagnum Swamp did not respond 
traditionally. The inability of the Rowan County Sphagnum 
Swamp to act as a sink for phosphorous may indicate that the 
reconstruction of the wetland is not complete; that the wetland is 
too young to have adopted true wetland functions; or that this is 
common for wetlands in this geographic region. 
Measurable amounts of nitrogen in the wetland were present 
only in the form of ammonia. Analysis for nitrite-nitrogen and 
nitrate-nitrogen consistently produced levels at, or near, Omg/L. 
The nitrate/nitrite absence was puzzling, because the wetland 
exhibited a large and healthy biota (especially macrophytes that 
are normally nitrogen limited). However, based on data collected 
in this study, I am forced to conclude that the area is deficient in 
bioavailable nitrogen; any free nitrate/nitrite is quickly taken up 
by the biota. This quick adsorption of nitrate/nitrite is similar to 
results obtained from a forest and stream study conducted at 
Hubbard Brook Park (Likens et al., 1970). Another possible 
explanation for nitrate/nitrite absence is that nitrate may be 
converted to nitrogen gas due to anaerobic ·conditions, created 
during times of strong reduction; the gas would, then, be lost to 
the atmosphere. Such a response has been demonstrated by 
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Kaplan and Valiela (1979), and Whitney et al. (1981). Since redox 
levels were never measured in the wetland, the only data that can 
be offered to support this hypothesis are the low D.O. levels 
recorded in the wetland. 
Statistical analysis showed no correlation between any of the 
major nutrient groups. The wetland exhibited no similar trends in 
the cycling processes of phosphorous, nitrogen, or iron. The 
system acted as a source for phosphorous, a seasonal sink for iron, 
and possessed only minute levels of nitrate, nitrite, and ammonia. 
Due to the small amounts of nitrogen recorded, no statistical 
trends could be detected. A complete floral nutrient analysis 
should be made to determine the true status of nitrogen in the 
wetland. In addition to the floral analysis, an analysis of the soil 
content of the swamp may reveal why phosphorous is not being 
retained by the system. Phosphorous uptake, in many cases, is 
directly related to soil types and affinities. 
The system did function like a natural wetland in several 
ways: 1) the wetland produced a physical quality of water that 
was superior to the water that was introduced to the system (this 
assumption is based on the progressive increase in pH, and 
decreases in TDS and conductivity); 2) the wetland acted as a 
seasonal sink for iron; 3) the wetland maintained an acidic pH; 4) 
in areas with long inundation periods, soils began to become 
anoxic, and methane gas was produced. The phenomena were 
similar to those discussed by Ewell and Odum (1984); 5) the 
system supported an abundance of hydrophyllic life. 
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However, because of two factors, the wetland does not 
function as a natural system: I) the system did not exhibit the 
ability to retain phosphorous, either seasonally or yearly; and 2) 
the hydrology of the system was hampered by faulty 
reconstruction. 
Based on the results of this study, it is the opinion of this 
investigator that the Rowan County Sphagnum Swamp does 
function in a manner similar to many natural systems; however, 
the reconstruction of the system has not been completed. If the 
construction of the system is completed (especially the correction 
of the hydrologic problems), the reconstruction of The Rowan 
County Sphagnum Swamp can be considered a success. 
CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
The following conclusions are presented based on field data 
and statistical results collected in the course of this study: 
1) Through the processes of raising the pH level, lowering 
TDS level, and lowering the conductivity level, the Rowan County 
Sphagnum Swamp increased the physical quality of the water that 
passed through the system. 
2) The Rowan County Sphagnum Swamp acted as a seasonal 
(summer) sink for iron, although considerable amounts of iron 
were discharged from the system. 
3) Based on results of the Cox and Stuart Test for Trends, the 
Rowan County Sphagnum Swamp acted as an exporter of 
phosphorous during the inundation period. 
4) The hydrologic reconstruction of the The Rowan County 
Sphagnum Swamp is not yet complete. Structural repairs should 
be made at the outflow dam, access road, and drainage ditch. A 
search for drainage via tiling, possibly located under the wetland, 
should be conducted. 
5) Water entering the Rowan County Sphagnum Swamp as 
pulses during storm events had a low residence time. 
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Recommendations for further study 
1) It is recommended that a complete hydrologic study of the 
system be made. The study should be designed specifically to 
determine the relationships between the hydrology of the Rowan 
County Sphagnum Swamp and the fluctuations in Licking River 
water levels imposed by the Cave Run Lake dam. Special interest 
should be paid to groundwater. 
2) It is recommended that a complete nitrogen analysis be 
made for the system. Emphasis should be placed on the processes 
of denitrification. Research should be designed specifically to 
explain the absence of nitrogen in the system. 
3) It is recommended that soil types in the wetland be 
analyzed. Knowing soil types may assist in explaining why the 
system exported phosphorous . 
4) It is recommended that a red ox analysis of the wetland be 
made. A redox analysis could identify the primary reducing agent 
m the system. 
5) It is recommended that a vegetative nutrient analysis be 
conducted for the system. A vegetative analysis could aid in 
determining the rate at which the wetland takes up nutrients. 
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APPENDIX A 
SAMPLE DATA FOR ALL FIELD AND LAB CALCULATIONS 
75 
1/10/C)() pH Cond. Depth Temp TDS 
Site µmohscm cm oC mg/L 
1 4.4 373 6 5 20 
2 4.2 268 12.8 6 15 
3 5.1 215 14.5 5 12 
4 4.2 202 27.3 2 12 
5 4.3 100 20.3 3 6 
6 4.9 86 32.9 3 7 
7 5.4 60 29.6 5 12 
8 3.6 46 16.3 7 12 
9 4.2 75 18.4 6 19 
10 4.9 60 10.6 6 13 
Avg 4.5 148.5 18.9 4.8 12.8 
SD 0.5 110.5 8.7 1.6 4.4 
1/31/C)() 
1 4.9 195 7.5 3 19 
2 4.8 212 15.9 4 18 
3 5.0 205 20.1 4 13 
4 5.0 228 31.7 3 12 
5 5.1 170 24.8 5 6 
6 6.0 81 34.5 5 2 
7 5.6 180 41 4 3 
8 5.9 51 21.1 7 
9 4.8 95 22.4 5 
10 5.6 85 24.5 5 
Avg 5.3 150.2 24.4 4.5 10.4 
SD 0.5 65.1 9.6 1.2 6.9 
D.O. RP TP SRP 
mg/L µg/L µg/L µg/L 
62 107.3 62.2 
56 80.2 80.2 
56 119.3 62.2 
62 107.3 56.2 
59 110.3 47.2 
53 194.4 59.2 
68 182.4 62.2 
74 221.5 44.2 
68 194.4 50.2 
68 200.4 38.2 
62.8 151.8 56.2 
6.8 51.3 11.9 
TSP 
µg/L 
61 
114 
74 
74 
68 
74 
74 
68 
74 
68 
75.2 
14.4 
NO3 Fe Chla 
mg/L mg/L µg/m3 
14 2 0.0 
6 2 0.0 
12 1 0.0 
5 1 0.0 
5 0 0.0 
7 1 0.0 
2 1 0.0 
5 1 0.0 
5 1 16.9 
9 I 16.9 
7.1 1.2 3.4 
3.6 0.6 7.1 
-...J 
0\ 
2/14/90 pH Cond. Depth Temp TDS D.O. RP TP SRP TSP NO3 Fe Chia 
Site µmohscm cm oC mg/L mg/L µg/L µg/L µg/L µg/L mg/L mg/L µg/m3 
I 4.0 432 6.6 14 22 1.2 8 77.2 8.1 71 0 2 0.0 
2 4.1 360 14.7 14 19 0.6 8 149.4 3.6 IOI 0 2 0.0 
3 4.6 260 15.5 14 13 1.2 26 68.2 8.1 41 0 2 0.0 
4 4.2 300 28 13 15 0.8 5 56.2 -0.9 50 0 2 0.0 
5 4.3 210 22.5 13 10 1.6 11 62.2 2.1 35 0 I 16.9 
6 5.3 80 38 12 3 1.4 17 155.4 5.1 62 0 I 0.0 
7 5.6 60 32.4 14 3 1.2 29 158.4 12.6 92 0 I 0.0 
8 5.8 50 18.1 16 2 3.0 32 188.4 II.I 83 0 1 16.9 
9 5.5 100 18.7 14 4 2.3 26 146.4 6.6 50 0 I 0.0 
10 5.6 70 20.5 15 3 4.0 32 98.3 5.1 38 0 2 0.0 
Avg 4.9 192.2 21.5 13.9 9.4 1.7 19.5 116.0 6.2 62.5 0.0 1.4 3.4 
SD 0.7 139.8 9.2 1.1 7.5 1.1 10.8 48.5 4.1 23.6 0.0 0.3 7.1 
2/28/90 
1 4.4 250 6.1 7 21 3.0 26 416.8 8.1 32 0 3 0.0 
2 4.2 320 14.2 8 22 1.7 8 38.2 5.1 32 0 3 0.0 
3 5.0 210 12.4 7 15 1.5 14 62.2 8.1 35 0 3 0.0 
4 4.7 240 25.6 4 10 1.9 2 71.2 2.1 32 0 2 0.0 
5 4.6 160 19.3 8 10 1.8 11 62.2 8.1 47 0 2 0.0 
6 5.2 135 35.8 8 7 1.7 56 416.8 5.1 32 0 3 0.0 
7 5.3 90 30.5 6 2 1.5 50 266.6 11.1 44 0 2 0.0 
8 5.6 60 16.3 9 3 1.5 77 386.8 35.2 137 0 2 0.0 
9 5.8 70 19.7 4 4 0.9 74 194.4 17.1 17 0 2 0.0 
10 5.3 100 19 8 7 7.6 17 47.2 5.1 35 0 0 0.0 
Avg 5.0 163.5 19.9 6.9 10.1 2.3 33.7 196.2 10.5 44.5 0.0 2.2 0.0 
SD 0.5 88.0 8.8 1.7 7.1 1.9 28.3 162.4 9.6 33.6 0.0 0.7 0.0 
-.J 
-.J 
3/15/90 pH Cond. Depth Temp TDS 
Site µmohscm cm oC mg/L 
1 4.2 390 3 21 26 
2 4.5 450 9.1 18 18 
3 5.3 290 9.5 19 14 
4 4.5 270 22.6 19 13 
5 4.2 245 16.3 21 12 
6 5.3 80 27.5 19 3 
7 5.2 130 32.6 19 7 
8 5.7 90 13 22 4 
9 5.9 130 17 21 7 
10 5.7 135 17.2 21 7 
Avg 5.1 221 .0 16.8 20.0 11.1 
SD 0.6 129.0 8.9 1.3 7.1 
3/30/90 
1 4.4 370 5.9 19 22 
2 4.1 385 14.4 15 21 
3 5.0 270 12.6 16 14 
4 4 .8 260 23.8 15 14 
5 4.7 170 20.7 16 10 
6 5.7 100 34 13 5 
7 5.7 60 28 16 3 
8 6.0 70 15.2 18 3 
9 6.4 110 19.4 17 6 
10 6.4 110 18.9 16 6 
Avg 5.3 190.5 19.3 16.1 10.4 
SD 0.8 122.2 8.0 1.7 7.1 
D.O. RP 
mg/L µg/L 
2.2 20 
1.2 11 
1.1 -1 
1.0 38 
1.8 41 
1.5 44 
1.6 56 
1.6 131 
1.1 116 
4.5 56 
1.8 51.4 
1.0 42.6 
-1 
2 
2 
-4 
86 
8 
44 
14 
56 
32 
24.0 
30.0 
TP SRP TSP 
µg/L µg/L µg/L 
171.5 5.2 22 
240.4 -0.6 28 
194.5 -0.6 166 
108.4 16.6 85 
74.0 -0.6 17 
119.9 -0.6 80 
119.9 10.9 40 
297.8 33.9 252 
137.1 22.4 97 
165.8 33.9 120 
162.9 12.1 90.7 
67.1 14.0 74.0 
165.8 -6.3 45 
85.5 -0.6 11 
137.1 -0.6 11 
39.6 5.2 11 
39.6 -0.6 5 
102.7 -0.6 34 
79.8 1.7 51 
682.1 5.2 625 
481.3 5.2 34 
79.8 -0.6 57 
189.3 0.8 88.4 
215.7 3.6 189.4 
NO3 Fe Chla 
mg/L mg/L µg/m3 
0 3 0.0 
0 2 0.0 
0 2 0.0 
0 3 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0.0 2.4 0.0 
0.0 0.2 0.0 
0 2 0.0 
0 3 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 17.0 
0 2 0.0 
0 1 0.0 
0.0 2.2 1.7 
0.0 0.4 5.4 
--..l 
00 
4/16/90 pH Concl Depth Temp TDS D.O. RP TP SRP TSP NO3 Fe Chla 
Site µmohscm cm oC mg/L mg/L µg/L µg/L µg/L µg/L mg/L mg/L µg/m3 
1 3.8 200 7.2 21 27 -1 5.2 -0.9 5 0 2 0.0 
2 3.7 220 15.9 24 25 11 22.4 2.1 5 0 2 0.0 
3 4.2 180 15 23 15 2 16.6 -0.9 5 0 1 0.0 
4 4.1 180 24.8 20 15 2 10.9 2.1 5 0 2 0.0 
5 4.2 160 23.7 22 11 2 45.3 -0.9 5 0 I 0.0 
6 5.0 120 38 20 4 20 62.5 5.1 34 0 2 0.0 
7 5.7 80 31.9 20 2 146 142.9 89.3 68 0 3 0.0 
8 5.7 80 17.5 22 3 68 148.6 65.2 63 0 3 0.0 
9 5.6 90 22.6 21 6 71 85.5 56.2 45 0 2 0.0 
10 5.9 120 20.3 23 5 17 45.3 14.1 34 0 1 0.0 
Avg 4.8 143.0 21.7 21.6 11.3 34.0 58.5 23.1 27.0 0.0 1.8 0.0 
SD 0.9 51.7 8.8 1.4 9.1 47.7 52.2 33.8 25.3 0.0 0.7 0.0 
4/30/90 
1 3.1 200 9.5 14 19 3.8 0 2 0.0 
2 3.4 210 16.9 19 23 5.0 0 1 0.0 
3 4.3 170 16 17 11 1.8 0 1 0.0 
4 4.1 190 29.1 16 14 2.1 0 2 0.0 
5 3.9 185 22 18 13 3.0 0 1 0.0 
6 5.2 100 40.6 22 3 4.0 0 2 0.0 
7 5.3 90 32.4 20 2 3.5 0 1 0.0 
8 5.8 100 18.3 18 2 3.4 0 2 0.0 
9 5.6 120 24 17 6 3.3 0 2 0.0 
10 5.0 120 21.2 22 4 6.0 0 1 0.0 
Avg 4.6 148.5 23.0 18.3 9.7 3.6 0.0 1.8 0.0 
SD 0.9 46.8 9.0 2.5 7.5 1.2 0.0 0.4 0.0 
-...J 
\0 
5/11,00 pH Cond. Depth Temp TDS D.O. 
Site µmohscm cm oC mg/L mg/L 
1 3.8 200 7.1 17 19 
2 3.7 210 12.4 19 20 
3 4.5 180 10.8 19 13 
4 4.2 170 23.8 18 14 
5 4.1 170 19.3 23 13 
6 5.2 100 32.9 21 2 
7 5.8 70 28.7 21 2 
8 5.9 70 18.1 16 3 
9 5.5 90 18.1 17 6 
10 5.6 90 17.3 21 5 
Avg 4.8 135.0 18.9 19.2 9.7 
SD 0.9 55.8 7.9 2.3 6.9 
5/26/1)() 
1 3.9 200 9 20 16 2.1 
2 3.6 210 16.5 21 22 2.3 
3 5.0 170 13.5 20 8 4.0 
4 4.3 160 26.3 20 10 5.6 
5 4.4 150 21.2 23 8 4.9 
6 5.8 70 35.3 23 1 4.8 
7 5.6 70 30.8 21 1 4.9 
8 5.9 60 15.6 21 2 5.1 
9 5.7 90 17 21 3 5.0 
10 5.4 100 19.8 24 4 6.2 
Avg 5.0 128.0 20.5 21.4 7.5 4.5 
SD 0.8 56.5 8.1 1.4 7.0 1.3 
RP TP SRP TSP 
µg/L µg/L µg/L µg/L 
79.8 5.1 11 
16.6 2.1 5 
45.3 2.1 22 
22.4 5.1 11 
10.9 2.1 5 
74.0 71.2 57 
131.4 80.2 51 
97.0 116.3 91 
79.8 71.2 45 
56.8 71.2 51 
61.4 42.7 35.0 
38.5 43.5 28.6 
14 28.l 5.1 17 
14 91.2 5.1 85 
35 85.5 8.1 80 
29 45.3 35.2 51 
38 91.2 29.2 63 
68 148.6 53.2 137 
116 79.8 86.3 51 
89 183.0 71.2 131 
77 108.4 77.2 74 
77 45.3 71.2 28 
55.9 90.7 44.2 71.7 
34.6 47.6 31.7 39.4 
NO3 Fe Chia 
mg/L mg/L µg/m3 
0 2 0.0 
0 1 0.0 
0 2 0.0 
0 2 0.0 
0 1 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 1 0.0 
0.0 1.9 0.0 
0.0 0.4 0.0 
0 3 0.0 
0 3 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 2 0.0 
0 1 0.0 
0.0 2.3 0.0 
0.0 0.4 0.0 
00 
0 
6/14/91 pH Cond. Depth Temp TDS D.O. RP TP SRP TSP NO3 Fe Chia 
Site µmohscm cm oC mg/L mg/L µg/L µg/L µg/L µg/L mg/L mg/L µg/m3 
2 5.6 200 7.3 23 9 23 50.2 2.1 47 0 3 33.9 
4 4.9 180 19 23 8 -1 20.1 2.1 29 0 3 17.0 
5 5.4 180 14.3 27 7 2 140.3 20.1 137 0 2 17.0 
6 5.1 120 29.2 25 2 56 125.3 11.1 62 0 2 17.0 
7 5.1 100 22.7 24 3 53 131.3 47.2 101 0 3 0.0 
8 5.1 100 10.1 24 2 206 326.7 86.3 255 0 3 16.9 
9 5.5 140 14.2 23 4 62 116.3 11.1 71 0 2 0.0 
10 5.5 110 15.4 28 3 26 116.3 5.1 56 0 2 0.0 
Avg 5.5 141.3 16.5 · 24.6 4.8 53.6 128.3 23.1 94.9 0.0 2.6 11.3 
SD 0.3 40.2 7.0 1.9 2.8 66.3 90.7 29.4 72.8 0.0 0.5 12.0 
7/15/90 
4 4.3 150 17.5 22 7 1.1 26 71.2 2.1 32 0 3 0.0 
5 5.2 110 14 24 8 1.8 5 44.2 2.1 23 0 2 33.9 
6 4.0 190 26.5 23 4 1.9 26 77.2 2.1 35 0 2 0.0 
7 3.2 200 21.3 22 2 1.0 17 107.3 11.1 74 0 2 0.0 
8 4.9 110 6.7 24 3 0.8 176 326.7 134.3 206 0 3 0.0 
9 3.6 180 8 24 2 1.0 23 107.3 5.1 38 0 2 0.0 
10 5.5 100 1.5 25 4 2.0 119 356.7 47.2 122 0 4 0.0 
Avg 4.4 148.6 14.5 23.4 4.3 1.4 56.2 155.8 29.2 15.9 0.0 2.6 4.8 
SD 0.9 42.2 7.7 1.1 2.4 0.5 65.1 129.1 49.1 67.1 0.0 0.7 12.8 
11/15/90 
6 3.9 180 7.8 14 3 17 236.5 8.1 165 0 4 17.0 
7 3.9 170 3.5 16 3 8 71.2 2.1 20 0 1 33.9 
Avg 3.9 175.0 5.7 15.0 3.0 12.6 153.9 5.1 92.6 0.0 2.7 25.4 
SD 0.0 7.1 3.0 1.4 0.0 6.4 116.9 4.2 102.4 0.0 1.8 12.0 
00 
.... 
11/30/C)() pH Cond. Depth Temp TDS D.O. 
Site µmohscm cm oC mg/L mg/L 
4 4.2 170 15.3 9.0 6 
5 4.4 150 14.0 9.0 4 
6 5.0 100 28.2 7 3 
7 5.2 100 25.4 8 2 
8 5.6 90 10.6 9.0 3 
9 4.7 130 10.8 9.0 2 
10 5.0 150 12.0 9.0 4 
Avg 4.9 127.1 16.6 8.6 3.4 
SD 0.5 30.9 7.2 0.8 1.4 
12/18/C)() 
l 4.0 280 9 7 20 
2 4.0 220 16.7 7 18 
3 4.1 180 19.2 8 16 
4 4.1 190 32.3 7.0 9 
5 4.2 110 30.0 7.0 5 
6 5.0 140 45.5 8 3 
7 5.2 30 4.02 8 3 
8 5.4 20 25.0 8.0 2 
9 4.9 90 25.8 9.0 6 
IO 4.5 120 27.6 9.0 8 
Avg 4.5 138.0 23.5 7.8 9.0 
SD 0.5 81.9 11.9 0.8 6.6 
RP TP SRP 
µg/L µg/L µg/L 
2 35.2 2.1 
8 47.2 5.1 
8 86.3 8.1 
26 95.3 14.1 
38 131.3 41.2 
20 89.3 26.2 
8 50.2 23.1 
15.8 76.4 17.1 
12.8 33.9 13.9 
5 38.2 5.1 
2 44.2 2.1 
2 35.2 5.1 
2 35.2 -0.9 
8 41.2 5.1 
32 74.2 8.1 
26 92.3 11.1 
35 116.3 35.2 
17 98.3 23.1 
8 68.2 20.1 
13.8 64.3 11.4 
12.9 30.0 11.3 
TSP 
µg/L 
26 
35 
32 
68 
86 
62 
53 
51.9 
21.9 
26 
41 
23 
20 
29 
26 
59 
86 
56 
47 
41.5 
21.0 
NO3 Fe Chla 
mg/L mg/L µg/m3 
0 1 17.0 
0 1 16.9 
0 1 17.0 
0 1 17.0 
0 1 17.0 
0 1 33.9 
0 1 33.9 
0.0 0.9 21.8 
0.0 0.3 8.3 
0 2 0.0 
0 2 17.0 
0 1 0.0 
0 l 16.9 
0 3 33.9 
0 1 17.0 
0 1 33.9 
0 1 16.9 
0 17.0 
0 1 33.9 
0.0 1.2 18.6 
0.0 0.7 12.5 
00 
N 
APPENDIXB 
WE1LAND AVERAGES BY SIIB 
83 
I 
Site pH Cond. Depth Temp TDS D.O. RP 
µmohscm cm oC mg/L mg/L µg/L 
1 4.1 266 7.0 13.4 21 2.8 18.0 
2 4.2 264 13.8 14.9 19 2.6 16.0 
3 4.8 207 14.4 13.8 13 2.1 15.8 
4 4.4 199 24.5 13.7 11 2.3 15.9 
5 4.5 158 20.0 15.8 9 2.7 26.2 
6 5.1 114 32.1 15.1 4 2.8 35.4 
7 5.2 102 25.9 15.0 3 2.5 55.7 
8 5.5 73 15.7 15.8 4 2.5 91.1 
9 5.2 108 18.3 14.9 6 2.3 58.6 
10 5.4 108 17.8 16.7 6 5.3 43.0 
TP SRP TSP 
µg/L µg/L µg/L 
126.6 10.5 27.5 
74.3 10.9 41.1 
87.0 10.5 52.1 
51.5 11.6 34.3 
64.2 10.6 39.5 
143.2 19.2 54.9 
125.0 35.6 58.6 
265.2 60.7 181.9 
153.8 33.2 55.9 
112.0 29.9 61.1 
NSP NO3 
µg/L mg/L 
88.6 1.7 
22.4 0.7 
24.4 1.5 
5.6 0.5 
14.1 0.5 
69.1 0.6 
30.8 0.2 
22.6 0.5 
64.7 0.5 
21.1 0.8 
Fe Chia 
mg/L µg/m3 
2.3 0.0 
2.2 5.7 
1.8 0.0 
2.0 4.6 
1.7 9.2 
2.0 5.7 
2.1 7.1 
2.0 6.2 
1.9 6.2 
1.5 7.7 
00 
-is-
APPENDIXC 
PRECIPITATION DATA FOR MARCH 1991 
85 
86 
MARCH PRECIPITATION 
(CM) 
1 0 
2 0.18 
3 0 
4 1.63 
5 0.13 
6 0 
7 1.14 
8 0 
9 0 
10 0.03 
1 1 0 
1 2 0 
1 3 1.6 
14 0.61 
1 5 0.05 
1 6 0 
1 7 0 
1 8 1.45 
1 9 0.05 
20 0 
21 0.03 
22 5.08 
23 ..2.08 
24 0 
25 0 
26 0 
27 1.3 
28 1 
29 0 
30 0.8 
3 1 0 
